Procedure for determination of chromium in biological materials by Zeeman graphite furnace atomic absorption spectrometry method using a Perkin-Elmer spectrometer equipped with hollow-cathode lamp at 357.9 nm was developed. The samples of animal tissues, food, and feed were digested in muffle furnace at 450ºC. The ash was dissolved in 1 N hydrochloric acid and the final solution was diluted in 0.2% nitric acid. Magnesium nitrate (1%) was used as a matrix modifier. The method was validated in terms of basic analytical parameters. The mean recoveries of chromium was 84.4% for muscle, 79.0% for canned meat, and 80.2% for feed, and analytical detection limit was 0.003 µg/g. Certified reference materials were used for analytical quality assurance. The proposed analytical procedure is well adapted for monitoring chromium content in food and feedstuffs. Content of total chromium in the tested samples (animal muscles and liver) was low and was situated in the range of 0.031-0.101 mg/kg (muscles) and 0.047-0.052 mg/kg (liver).
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Chromium is an element widely distributed in the nature. It exists primarily in the mineral chromite, which is present in soils, water, rocks, fauna and flora, and volcanic dust and gases. In most cases, its presence results from human activities such as tanning, steel works, plating, corrosion control etc. It occurs in the three most stable forms: as elemental chromium (chromium 0), trivalent chromium (chromium III), and hexavalent chromium (chromium VI). Elemental form of chromium does not occur naturally (3, 9, 21, 24) . Trivalent chromium has been considered as essential trace elements for the proper growth and development of humans and animals. It plays an important role in maintaining normal carbohydrate, lipid, and protein metabolism (12, 13) . The Cr(VI) compounds are toxic showing mutagenic and carcinogenic properties. Trivalent chromium is classified as approximately 1,000-fold less toxic than the hexavalent one (2, 12, 22) .
According to WHO recommendations, chromium supplementation in the form of Cr(III) for adults should not be greater than 250 µg/day. Dietary intake determines the main contribution of chromium in the human organism. There is no generally accepted and stated daily dietary intake for human body (6, 11, 12, 21, 25) . Both national and European Union legislations do not set any limit of chromium content in foods and feeds (6, 11, (14) (15) (16) 18) . However, the sanitary and veterinary requirements indicate the need for such research.
The presence of trace amounts of chromium in food and feed is determined by the presence of this element in soils and plants. The total concentration and different forms of chromium in foods from various countries varied widely depending on the food type, growing conditions, and processing techniques (1, 4, 5, 11, (14) (15) (16) (17) 27) .
Several methods for determination of chromium concentrations in different materials have been published (3-5, 10, 11, 14-20, 22, 23, 26) . Because chromium is often present in the food at low concentrations, a very sensitive and reliable method is needed to allow detection of this element. The aim of the work was the development of a method for determination of chromium in animal tissues, food, and feed. Ashing procedure. Sample (2-10 g) of homogenised material was weighed into 50 ml quartz crucible and dried in an oven (120 ±20ºC) overnight until the sample was thoroughly dry. Next, it was placed in a cool muffle furnace and the temperature of the oven was raised up to 450º (50ºC/h). Next day, the sample was removed from the oven and cooled to room temperature, and then 1 ml of concentrated nitric acid (V) was added and dried on a hot plate. The sample was put again into the muffle furnace, the temperature was raised to 450ºC and kept for about 1 h. That step can be repeated if necessary, until the ash will be carbon free. The sample was removed from the muffle furnace and cooled to room temperature, and next the ash was dissolved in 1 N hydrochloric acid, and transferred into 10 ml volumetric flask. The final volume of the sample was obtained after dilution in 0.2 % nitric acid. Each batch included reagent blank and control sample.
Material and Methods

Reagents
All containers (quartz crucibles, plastic tubes) were cleaned with detergent, treated successively by the hydrochloric acid, and rinsed with de-ionised water.
Analytical instrumentation. An atomic absorption spectrometer (Perkin-Elmer 4110 ZL) equipped with Zeeman-effect background correction and chromium hollow-cathode lamp operating at 357.9 nm and the spectral band pass set at 0.7 nm was used in the study. Transversely heated graphite tubes with integrated Lvov platforms were used as atomiser with argon as the pure gas. Mechanical oven, muffle furnace, and hot plate were equipped with temperature controller. Detailed instructions on the operation of the PerkinElmer model 4110 ZL are described in the operator's manual.
Working parameters for graphite furnace step temperature ramp (s) hold (s) read  dry  110  10  20  130  15  30  pyrolysis  1500  10  20  atomisation  2300  0  5  yes  clean  2600  1  3 Statistical analysis. The results were analysed statistically using Windows Vista TM software.
Results
The method was tested by studying the certified reference materials ( Tables 1 and 2 . The results of analyses for total chromium concentrations in the selected animal tissues are reported in Table 3 .
The procedure for the determination of chromium was validated by analysing this element in fortified samples (canned meat, muscles, and feed) on three levels of chromium concentrations. The parameters characterising the process, such as sensitivity, limit of detection and quantification, repeatability, intermediate precision, recovery and estimated standard, complex, and extended uncertainty were calculated during the validation. The limit of quantification for this method was 0.003 mg/kg, recoveries for matrices fortified were at the level of 72%-86%.
The uncertainties calculated as a percentage at the level of 0.5 mg/kg (canned meat and muscles) and at 1.0 mg/kg of feed were: 18.2%; 7.8%, and 25.9%, respectively.
The results of total chromium content in the analysed samples (Table 3 ) suggest low levels of the element in animal tissues. The levels of chromium in muscles of pigs, poultry, and game animals were about twice times higher than those in the liver. Significantly lower levels of this element were found in fish muscles
Discussion
Sample digestion, as well as analytical and instrumental conditions are the most important stages in chromium analysis (5-7, 13, 18, 21) . A series of experiments were conducted to establish the optimum for analytical parameters. Optimisation of digestion conditions for different biological matrices and selection of instrumental programmes for this element were done. Dry ashing procedure at 450ºC with additional treatment with concentrated nitric acid produced satisfactory digestion of all biological samples (animal tissues, milk, eggs, feedstuffs). Dry ashing procedure established in this study allowed ashing a large number of samples in one set, without contamination of the samples by the reagents used.
Different methodologies based on atomic absorption spectrometry have been reported for determination of chromium in various matrices (1, 2, 5, 9-11, 17-20, 22-26) . Operating parameters of graphite furnace were satisfactory to run different kinds of biological samples. Chemical modifiers have been used routinely in the determination of a large number of analytes by ETAAS (1, 3, 10, 12, 17, 20 The results of the test indicate that the values found in the certified material were on the similar level. The method was validated in terms of the linearity, LOD, LOQ, precision, recovery, and uncertainty (7, 8) . All validation data confirmed that the method could be used as a routine procedure for determination of chromium in food and feed. Generally good results of precision (RSD below 5%), recoveries (above 72% in spiked material and above 90% on comparison to the reference concentration value), and reasonable value of uncertainty additionally recommend the described method as routine procedure for chromium determination in biological materials.
Similar results of chromium content in food were reported by other authors (4, 11, (14) (15) (16) 18) . The average concentration in fresh meat was 0.039 mg/kg for cattle, 0.101 mg/kg for poultry, 0.074 mg/kg for pigs, and 0.073 mg/kg for game animals. Chromium content in beef (0.29 µg/g) and poultry meat (0.16 µg/g) was similar to those reported by Bratakos et al. (4) , but chromium content in pig tissues was higher. In this study, 0.033 mg of Cr/kg for omnivorous fish and 0.031 mg of Cr/kg for predatory fish were in agreement with the results obtained by Lendinez et al. (16) .
Value and suitability of the developed method were fully supported by validation results. The proposed analytical procedure is well adapted for monitoring the chromium content in food and feedstuffs.
